INTRODUCTION
Confronting the bacteria in the oral cavity and the whole body is one of the most important medical pneumonia. [1] Furthermore, the accumulation of bacteria on the surface of implant develops inflammation around the implant that if the inflammation is left untreated, destroys the supportive bone of implant which is called as peri-implantitis. [3, 4] Therefore, the elimination of bacterial biofilms is essential for implantitis. [3] Many researches are performing about different methods of microbial decontamination.
During recent years, several therapeutic methods and maintenance strategies (such as mechanical and chemical) have been proposed for the treatment of failed implants. [5, 6] Mechanical debridement is performed by a set of plastic court to avoid the scratch on the surface of the implant. [5] Since mechanical methods can not alone eliminate the bacteria on the surface of porous implants, then chemicals such as local or systemic chlorhexidine and antibiotics (such as tetracycline fibers) have been applied as adjuncts for mechanical debridement. [7, 8] Guided bone regeneration has been used for the treatment of peri-implant bone defects. [9] [10] [11] A number of studies have suggested contamination removing from the surface of defective implants for improving the treatment results. [12, 13] The effect of chlorhexidine in the treatment of periimplantitis has been shown in various studies. Currently applying the different laser systems have been proposed for treatment of peri-implantitis in addition to the traditional tools and therapies. As the laser can cut the tissues completely, it makes a strong disinfectant and bactericidal effect. Hence, using the laser seems to be a promising method for treatment of failed implants and also removing the microorganisms.
In this study, the effect of CO 2 Laser and chlorhexidine is assessed on the killing S. aureus and P. aeruginosa bacteria in vitro.
MATERIALS AND METHODS

Microbial strains, culture conditions, and exposure method
The standard species of S. aureus (ATCC 29213) and P. aeruginosa (ATCC 27853) were used in this experimental study (in vitro). According to previous studies each test was repeated 3 times according to previous studies. [14] In this research, the liquid medium of brain heart infusion (BHI) was used to assess the antibacterial effect of CO 2 laser and also BHI was used to evaluate the antibacterial effect of chlorhexidine 0.2%. [15] At the first step of the experiment of CO 2 laser, all cultures were incubated at 37°C in optional anaerobic conditions. All bacteria were cultured until logarithmic phase before using in the research. Organisms of logarithmic phase were centrifuged for 15 min at 3000 g, and the liquid surface was removed. The remaining was washed using sterile PBS for 2 or 3 times. Sterile buffer was added and the cell suspension (approximately CFU/ml 10 9 ) was prepared. In the laser group, 1 µl of sample cell suspension were poured in 1.5 mL centrifuge tubes then the effect of CO 2 laser radiation was assessed after 5-10-15 s at intervals of 24 h and 48 h. CO 2 laser radiation CO 2 laser radiation was exposed with a wavelength of 10.6 µm and energy density of 12.5 J/cm 2 through the tapered humeral head and lack of focus with 5 mm diameter for 5, 10, 15 s from a distance of 17 mm. The first time of the CO 2 laser incident which showed antibacterial effect was considered as the time of laser radiation. The suspension was immediately diluted and it was spread on agar plates of BHI. Plates then were incubated for 24 and 48 h at 37°C. Bactericidal effect was evaluated by colony counting. [14] Chlorhexidine exposure About 9 ml of 0.2% chlorhexidine was added to 1 ml of bacterial suspension in the chlorhexidine 0.2% group (approximately CFU/ml 10 9 ). Suspensions were spread on agar plates (BHI) after the 5, 10, 15 and 60 s. Plates then were incubated 24 and 48 h at 37°C. Bactericidal effect was evaluated in both groups by colonies counting. Similar to previous studies, the experiments were repeated 3 times and the averages were evaluated. [15, 16] 
Statistical analysis
Data were analyzed by descriptive statistics (mean ± standard deviation) and repeated measures ANOVA using SPSS 17. The P < 0.05 was considered statistically significant.
RESULTS
On S. aureus: There was a significant difference between the average numbers of S. aureus in two treated groups and at two exposure times of 5 and 10 s statistically. The average number of S. aureus was lower in the laser group than the 0.2% chlorhexidine group (P < 0.001). A significant difference was also observed between the average number of S. aureus in both groups at the 15 s of exposure (P < 0.001) [ Figure 1 ].
The average number of P. aeruginosa bacteria at 15 s exposure reached to zero, whereas average number was not zero with chlorhexidine 0.2% within 15 s. The average number of S. aureus in the 15 s of laser radiation was less than the group with 0.2% chlorhexidine for 60 s. Furthermore, there was a statistically significant difference between the average numbers of bacteria in both groups (P = 0.014) [ Figure 2 ]. Notably, the results of incubation after 48 h were quite similar with the results of 24 h.
On the bacteria P. aeruginosa: The average number of P. aeruginosa in the laser group within 5 s was more than group of chlorhexidine 0.2% within 10 s (P = 0.001) while by 10 s laser radiation the average number of bacteria in the laser group was more and the difference was also significant (P < 0.001).
The average number of P. aeruginosa bacteria in the group of 15 s laser radiation was less than the group of chlorhexidine 0.2% that there was statistically significant differences between the average numbers of two groups (P < 0.05) [ Figure 3 ]. The average number of bacteria by laser exposure for 15 s reached to zero, whereas it did not reach zero using chlorhexidine 0.2% for 15 s. The average number of bacteria by both laser radiation for 15 s and chlorhexidine for 60 s reached zero [ Table 1 ]. Notably, the results of incubation after 24 h and 48 h were quite similar.
DISCUSSION
The antibacterial effects of CO 2 laser and 0.2% chlorhexidine solution were assessed on the S. aureus (Gram-positive) and P. aeruginosa (Gram-negative) at 24 and 48 h intervals using BHI medium in this experimental study (in vitro). The effect of laser reduced both types of bacteria significantly and results showed the importance of laser radiation to destroy the bacteria. S. aureus and P. aeruginosa bacteria play important roles in the development of various diseases such as periimplantitis in the oral cavity. However, these bacteria are pathogenic in other parts of the body. [17] [18] [19] Bacterial adhesion and colonization are the key factors in the pathogenesis of peri-implantitis and the inflammatory process associated with the destruction of soft and hard tissue around the implant. [20] In the failed implants, colonization of bacteria such as S. aureus and P. aeruginosa has been observed [21] which are resistant against antibiotics and disinfectants. [22] The main goal of the treatment of peri-implantitis was the infection control and prevention of disease progression.
On the other hand, inappropriate characteristics of the laser (including wavelength and energy level if the laser) can develop different changes and also can destroy the materials of the radiation surface because of the excessive temperature. [23] [24] [25] [26] S. aureus develops many diseases in the oral cavity including angular cheilitis. S. aureus is the major cause of sialadenitis in salivary glands while it is the most common bacteria involved in bacterial septic arthritis temporomandibular joints that previously had arthritis. [1] In addition, it is the cause for 90% of the natural heart valve endocarditis. [2] P aeruginosa plays an important role in the development of necrotizing ulcerative gingivitis that is also the main cause of chronic suppurative otitis media, and pneumonia. [1] Antibacterial effects of CO 2 laser on various pathogenic bacteria have been shown. The in vitro research of Hauser-Gerspach et al., demonstrated that CO 2 laser with low energy (2100 J/cm) reduce the number of Porphyromonas gingivalis and Streptococcus sanguis bacteria which were attached on the surfaces of zirconia discs. They revealed that Planktonic bacteria were more resistant than the bacteria which were attached on the zirconia discs. [27] Dederich et al., had demonstrated the bactericidal effects of CO 2 laser irradiation on cariogenic bacteria such as Streptococcus and Actinomyces species, respectively.
The results identified that laser radiation with the energy level of 159 J/cm 2 , destroyed 99% of bacteria. [28] Kojima et al., studied using similar method with this research, and they showed that radiation with energy density of 7.5 and 12.5 J/cm 2 killed the 99.9% of P. gingivalis bacteria and more than 99% of Aggregatibacter actinomycetemcomitans bacteria. [14] Kato et al. reported that highest reduction of survival for S. sanguis and P. gingivalis bacterial using the CO 2 laser was obtained by the energy density of 286 and 245 J/cm 2 . [29] The results of this study showed that 100% of S. aureus and P. aeruginosa were killed 15 s after CO 2 laser radiation which is consistent with the results of the previous studies.
The causes of difference levels of bacteria killing using the CO 2 laser can include many factors such as the parameters which were used in laser, the type of bacteria and the different sensitivity of bacteria to the laser radiation (for example, periodontal pathogenic bacteria are more sensitive to laser radiation than cariogenic bacteria), proximity of laser to the bacteria and the type of applied culture medium and the mentioned reasons from the other studies. [14] In this study, the chlorhexidine 0.2% was used as compare standard to assess the antibacterial effects of CO 2 laser. Chlorhexidine is used in the drugs with chemical effects as the "gold standard" or positive control; therefore, it is considered as the comparison criterion. [30, 31] The antibacterial effect of 0.2% chlorhexidine is also confirmed in other studies while Lakade et al., [32] and Sharma et al., found that 0.2% concentration of this chemical shows more anti-bacterial effects than mouthwash containing more than 0.03% closan, 0.05% sodium fluoride, and 5% xylitol. [33] High effectiveness of chlorhexidine is based on its antibacterial activity during the application time which is followed by long-term bacteriostatic performance because of its absorption on the tooth surface. [34] The absorbed chlorhexidine (substantivity) can gradually be released for 24 h. [35] Since the standard time for CO 2 laser radiation with wavelength and energy density 10.6 mµ 12.5 J/cm 2 was not available, it was measured at 5 and 10 s in this study. Since by these time periods, a significant number of bacteria were still alive in both groups, then we exposed the laser for 15 s. In this way, 15 s radiation was considered as the optimal time to assess the effects of laser because it was the lowest time for killing the 100% of bacteria. As the recommended time by Najo Pharmaceutical Company for radiation of laser was 60 s then we compared the 15 s radiation (the optimal obtained time in the present study) with the 60 s exposure of chlorhexidine.
The average number of S. aureus reached zero during the 15 s laser radiation but it was not zero by exposure to chlorhexidine. The effect of laser on the S. aureus (Gram-positive bacteria) for 15 s took more time than chlorhexidine even by 60 s exposure with chlorhexidine. Chlorhexidine 0.2% killed all S. aureus bacteria during the 120 s. It is noteworthy that the people rarely keep mouthwash in their mouth for 2 min.
The average number of P. aeruginosa (CFU) also reached zero during 15 s of laser radiation also the average number of this bacteria reached to zero after 60 s exposure with chlorhexidine. Antibacterial effect of the laser during 15 s was more than exposure to the chlorhexidine for 60 s (in both types of bacteria the number of bacteria was zero).
Availability, easy home usage by the patient and low cost are the advantages of chlorhexidine. However, this substance can cause tooth discoloration (discoloration) and burning mouth.
In addition, chlorhexidine can change the natural flora of mouth to the Gram-negative bacterial by longterm usage. [28] The disadvantages of the laser can be mentioned as higher cost and require of the patient for referring to the dentist's office. However, the aim of this study was the diseases which were caused by bacteria such as pre-implantities that the patients should go to the office for checking his/her status; therefore, it is not a serious disadvantage. Laser does not cause tooth discoloration and burning which is considered as the advantage of laser compared to the chlorhexidine.
In this study, the effect of the laser is studied on Gramnegative bacteria (P. aeruginosa) and Gram-positive bacteria (S. aureus) samples and the results showed the effect of laser irradiation on killing both types of bacteria while the number of bacteria in both groups reached zero. Given the problems that were observed in the treatment of Gram-negative bacteria, laser can be mentioned as an effective treatment. Whereas more studies are required to assess, the effectiveness of treatment by leaser for 15 s during several contentious days for changing the natural flora into the Gramnegative bacteria. The main limitations of the study were short time periods which made it hard to carrying out bacteria from vials.
